ulmonary embolism is a frequent and often life-threatening event that contributes to 5 to 10 percent of deaths among hospitalized patients. 1 The goals of antithrombotic therapy for this disease are to minimize early morbidity and mortality and to prevent recurrence without provoking excessive bleeding. In hemodynamically stable patients, unfractionated heparin is effective and remains the reference therapy for initial anticoagulation. [1] [2] [3] [4] Because unfractionated heparin requires continuous intravenous infusion with regular laboratory monitoring and dose titration, patients remain hospitalized even when their clinical condition permits discharge. A less complex and resource-intensive but equally efficacious and safe treatment, allowing earlier discharge, would be desirable.
Low-molecular-weight heparins have replaced unfractionated heparin for the treatment of most patients with deep-vein thrombosis, 3 but in patients with symptomatic acute pulmonary embolism they have been less extensively evaluated. [5] [6] [7] As a result, use of low-molecular-weight heparins for this indication varies, and in many countries they have not been approved by regulatory authorities for the initial treatment of patients with pulmonary embolism.
Fondaparinux is a synthetic antithrombotic agent with specific anti-factor Xa activity. Its pharmacokinetic properties allow for a simple, fixed-dose, oncedaily regimen of subcutaneous injection, without the need for monitoring. 8 In a dose-ranging trial involving patients with symptomatic proximal deepvein thrombosis, 7.5 mg of fondaparinux appeared to have efficacy and safety similar to those of a lowmolecular-weight heparin (dalteparin). 9 Given the practical advantages of a simple fondaparinux regimen, this study was designed to determine whether fixed-dose, once-daily, subcutaneous administration of fondaparinux is at least as effective as unfractionated heparin for the initial treatment of symptomatic pulmonary embolism. This randomized trial, with blinded adjudication of outcome events, was conducted on an open-label basis, permitting early discharge in the fondaparinux group.
patients Consecutive patients 18 years of age or older who presented with acute symptomatic pulmonary embolism and who required antithrombotic therapy were potentially eligible for the study. Diagnostic criteria were an intraluminal filling defect on spiral computed tomography (CT) or pulmonary angiography, a high-probability ventilation-perfusion lung scan, or a nondiagnostic lung scan with documentation of deep-vein thrombosis either by compression ultrasonography or by venography. 5 Patients were ineligible for the study if they had received therapeutic doses of low-molecular-weight heparin or oral anticoagulants for more than 24 hours; if they required thrombolysis, embolectomy, or a vena cava filter; or if anticoagulant therapy was contraindicated -for example, because of active bleeding or thrombocytopenia (a platelet count below 100,000 per cubic millimeter). Patients were also ineligible if they had a serum creatinine level above 2.0 mg per deciliter (177 µmol per liter) or uncontrolled hypertension (systolic blood pressure greater than 180 mm Hg or diastolic blood pressure greater than 110 mm Hg); if they were pregnant; or if a physician had estimated the life expectancy to be less than three months.
After written informed consent had been obtained, randomization was performed at a central location with the use of a computerized, interactive voice-response system that recorded information about the patient before his or her treatment assignment. The protocol was approved by the institutional review board at each of the study centers. The study was monitored by an independent data and safety monitoring board. The data were collected and held by the two sponsors, NV Organon and Sanofi-Synthélabo. The statistical-analysis plan was approved by the steering committee, which also checked the final analysis.
treatment regimens
The patients assigned to fondaparinux (Arixtra, NV Organon and Sanofi-Synthélabo) received a single daily subcutaneous injection of 5.0 mg (if their body weight was less than 50 kg), 7.5 mg (if their body weight was 50 to 100 kg), or 10.0 mg (if their body weight was greater than 100 kg). The patients assigned to unfractionated heparin received an initial intravenous bolus of at least 5000 IU, followed by at least 1250 IU per hour, administered as a continuous intravenous infusion. The infusion dose was adjusted to maintain the activated partialthromboplastin time at 1.5 to 2.5 times a control value. 10, 11 The activated partial-thromboplastin time was measured approximately six hours after the start of heparin treatment, about six hours after p methods each measurement of the activated partial-thromboplastin time that was subtherapeutic or supratherapeutic, and otherwise daily. Heparin was provided by American Pharmaceutical Partners for all centers except those in France, where it was supplied by Laboratoires Choay.
In both groups, treatment with a vitamin K antagonist was begun as soon as possible and within 72 hours after initiation of the study treatment. Initially, the prothrombin time was measured at least every other day, and the dose of vitamin K antagonist was adjusted to maintain the international normalized ratio (INR) at a value between 2.0 and 3.0. Administration of heparin or fondaparinux was continued for at least five days and until the INR had been greater than 2.0 for two consecutive days. Treatment with a vitamin K antagonist was continued for three months, and the INR was determined at least once per month.
surveillance and follow-up
All the patients were contacted daily during the initial treatment period and at one and three months after the start of the study. At each contact, the patient was evaluated for symptoms and signs of recurrent venous thromboembolism and bleeding. All the patients were informed about the symptoms and signs of recurrent pulmonary embolism and deepvein thrombosis and about the potential for bleeding. They were instructed to report to the study center immediately if any of these conditions occurred. The protocol required objective testing in cases of suspected recurrent pulmonary embolism or deepvein thrombosis.
assessment of outcomes
The primary efficacy outcome was symptomatic recurrent venous thromboembolism during the threemonth study period. Symptomatic recurrent venous thromboembolism was considered to have occurred if recurrent pulmonary embolism or deep-vein thrombosis was documented objectively or if there was a death in which pulmonary embolism was a contributing cause or could not be ruled out. In the absence of objective test results that adequately confirmed or ruled out recurrent venous thromboembolism, the diagnosis was accepted if the condition was managed with therapeutic dosages of lowmolecular-weight heparin for more than two days, thrombolysis, a vena caval filter, or thrombectomy.
The objective criterion for the diagnosis of recurrent pulmonary embolism was a new intraluminal filling defect on spiral CT or pulmonary angiography; cutoff of contrast material in a vessel more than 2.5 mm in diameter on pulmonary angiography; a new perfusion defect involving at least 75 percent of a segment, with corresponding normal ventilation (i.e., a high-probability lung scan); a new nondiagnostic lung scan accompanied by documentation of deep-vein thrombosis by ultrasonography or venography; or confirmation of a new pulmonary embolism at autopsy. 5, 12 The objective criterion for the diagnosis of new deep-vein thrombosis was a new, noncompressible venous segment or a substantial increase (4 mm or more) in the diameter of the thrombus during full compression in a previously abnormal segment on ultrasonography or a new intraluminal filling defect on venography. 13, 14 The main safety outcomes were major bleeding during the initial treatment period and death during the three-month study period. Bleeding was considered major if it was clinically overt and associated with a decrease of 2 g per deciliter or more in the hemoglobin level, led to the transfusion of 2 or more units of red cells or whole blood, was retroperitoneal or intracranial, occurred in a critical organ, or contributed to death. Bleeding episodes that were clinically relevant but did not qualify as major (e.g., epistaxis that required intervention, formation of a large hematoma visible on the skin, or spontaneous macroscopic hematuria) were an additional safety outcome and were classified as clinically relevant nonmajor bleeding. All other hemorrhages were categorized as trivial. The cause of death was classified as pulmonary embolism, bleeding, cancer, or another established diagnosis or was considered to be unexplained. All suspected outcome events were reviewed and classified by a central adjudication committee whose members were unaware of the treatment assignments.
Platelet counts were assessed at base line, on day 4, and at the end of initial treatment. Antiplatelet antibodies were measured at base line and at the end of initial treatment and also were measured if heparin-induced thrombocytopenia was suspected because the platelet count was confirmed on retesting to be below 100,000 per cubic millimeter or to have decreased by more than 40 percent from the base line count. 15
statistical analysis
We assumed a 5 percent incidence of the primary efficacy outcome in the unfractionated-heparin group and hypothesized that fondaparinux would be as effective as unfractionated heparin. 3 Studies in patients with pulmonary embolism or deep-vein thrombosis who received no treatment or inadequate treatment have found recurrence rates of approximately 20 percent. 2, 16, 17 On the basis of previous studies, we chose a fixed noninferiority margin of 3.5 percent for the absolute difference between the two treatment groups in the rates of venous thromboembolism. 4, 5, 7, 12, 16, 17 From these assump-tions, we calculated that a study with 1100 patients per group would have 95 percent power, with a onesided type I error of 0.025, to reject the hypothesis that the rate of recurrence with fondaparinux would be 3.5 percent higher than that with unfractionated heparin.
The primary efficacy analysis was based on the incidence of symptomatic recurrent venous thromboembolism during the entire three-month study period. Analyses of bleeding events included events during the initial treatment period plus three, four, or nine days, according to the creatinine clearance (more than 50, 30 to 50, or less than 30 ml per minute, respectively). 18 Efficacy analyses were based on data from all the patients who had been randomly assigned to a study group, whereas safety analyses were based on data from all the patients who actually received treatment. The 95 percent confidence interval for the absolute difference between the treatment groups in the rates of outcomes were calculated with use of the normal approximation.
The steering committee had the final responsibility for the study protocol, statistical analysis plan, progress of the study and analysis, and reporting of the data.
patients and base-line characteristics
Between May 2000 and March 2002, 5993 patients with pulmonary embolism were screened in the 235 participating centers. Of these patients, 2948 (49 percent) were ineligible because they met one or more of the predefined exclusion criteria. The most common reasons for exclusion were the use of therapeutic anticoagulation for more than 24 hours (1237 patients), contraindications to anticoagulant therapy (470), a life expectancy of less than three months (205), and the use of thrombolytic therapy or a vena cava filter (128). In addition, 832 patients chose not to participate.
In total, 2213 patients were randomly assigned to receive either fondaparinux (1103) or unfractionated heparin (1110). The base-line characteristics of the patients in the two treatment groups were similar (Table 1) . Follow-up with respect to the primary efficacy outcome was incomplete for six of the patients assigned to the fondaparinux group (0.5 percent) and seven of those assigned to the unfractionated-heparin group (0.6 percent), either because of withdrawal of informed consent (six patients) or loss to follow-up (seven). results * Plus-minus values are means ±SD. Because of rounding, not all percentages total 100. † Information on sex was missing for one patient in the fondaparinux group. ‡ Information on weight was missing for four patients in the fondaparinux group and one patient in the unfractionated-heparin group. § Information on creatinine clearance was missing for 27 patients in the fondaparinux group and 34 patients in the unfractionated-heparin group. ¶ Some patients underwent more than one confirmatory diagnostic test. ¿ Active cancer was defined as cancer that had been treated within the previous six months or not cured. Table 2 presents data on the initial treatment and vitamin K-antagonist therapy in the 1092 patients in each group who received treatment. The duration of initial treatment was similar in the two groups. An adequate anticoagulation response to unfractionated heparin (i.e., an activated partial-thromboplastin time above the lower limit) was achieved in a high proportion of patients.
Of the 158 patients in the fondaparinux group (14.5 percent) who received fondaparinux in part on an outpatient basis, 37 did so for one day, 29 for two days, and 92 for three or more days. In both groups, more than 90 percent of the patients had an INR of 2.0 or more at the end of the initial treatment. The intensity of treatment with vitamin K antagonists was similar in the two groups.
recurrent venous thromboembolism
Of the 1103 patients assigned to receive fondaparinux, 140 had one or more episodes of clinically suspected recurrent venous thromboembolism, and the diagnosis was confirmed in 42 patients (Table  3) . Among the 1110 patients assigned to receive unfractionated heparin, 122 had one or more episodes of clinically suspected recurrent venous thromboembolism, and the diagnosis was confirmed in 56 patients. Thus, the incidence of recurrence was 3.8 percent in the fondaparinux group and 5.0 percent in the unfractionated-heparin group, for an absolute difference in favor of fondaparinux of ¡1.2 percent (95 percent confidence interval, ¡3.0 to 0.5). The upper limit of this confidence interval indicates that a true difference of more than 0.5 percent in favor of unfractionated heparin was unlikely (probability of such a difference, 2.5 percent). Hence, the noninferiority of fondaparinux was clearly demonstrated.
bleeding complications
As shown in Table 3 , major bleeding during initial treatment occurred in 14 of the patients who received fondaparinux (1.3 percent) and in 12 of those who received unfractionated heparin (1.1 percent) (absolute difference, 0.2 percent; 95 percent confidence interval, ¡0.7 to 1.1). Bleeding contributed to death in one patient in each treatment group. Among the patients whose creatinine clearance was below 30 ml per minute, major bleeding occurred in 2 of 26 (7.7 percent) in the fondaparinux group and in 1 of 28 (3.6 percent) in the unfractionatedheparin group.
Major or clinically relevant nonmajor bleeding during initial treatment occurred in 49 of the patients treated with fondaparinux (4.5 percent) and in 69 of those treated with unfractionated heparin (6.3 percent) (absolute difference, ¡1.8 percent; 95 percent confidence interval, ¡3.7 to 0.1). A total of 58 patients treated with fondaparinux and 67 of those treated with unfractionated heparin were considered to have had a trivial hemorrhage. The incidence of bleeding during treatment with a vitamin K antagonist was low and was similar in the two groups ( unfractionated-heparin group, the corresponding numbers were 15, 1, 22, and 10.
additional observations
Of the 158 patients who received some fondaparinux on an outpatient basis, 5 (3.2 percent; 95 percent confidence interval, 1.0 to 7.2) had recurrent venous thromboembolism, and none (95 percent confidence interval, 0.0 to 2.4) had major bleeding or died during the initial treatment.
Among patients with active cancer at the time of enrollment, recurrent venous thromboembolism occurred in 10 of 112 patients in the fondaparinux group (8.9 percent) and in 22 of 128 patients in the unfractionated-heparin group (17.2 percent) . Major bleeding occurred in two patients with cancer who received fondaparinux (1.8 percent) and in three patients with cancer who received unfractionated heparin (2.3 percent) . The incidences of recurrent venous thromboembolism and major bleeding according to body weight are shown in Table 4 .
In the fondaparinux group, thrombocytopenia occurred in 10 patients (0.9 percent), 1 of whom had associated thromboembolism (myocardial infarction) and 1 of whom had major bleeding. Neither of these patients had antiplatelet antibodies. In the un-fractionated-heparin group, thrombocytopenia occurred in 13 patients (1.2 percent). Two of these 13 patients had recurrent pulmonary embolism without antiplatelet antibodies.
In this clinical trial of initial antithrombotic therapy for acute symptomatic pulmonary embolism, therapy with fondaparinux, a selective inhibitor of factor Xa, was not inferior to therapy with unfractionated heparin. The two therapies were associated with a similar incidence of adverse effects.
Optimal administration of intravenous unfractionated heparin requires reliable, frequent, and timely blood sampling and laboratory testing with reporting of the activated partial-thromboplastin time to a clinician, who then adjusts the dosage as needed. The minimal duration of treatment is five to seven days. 4 Deviations in clinical practice from these complex, resource-intensive requirements are well documented, and abandoning heparin for an equally safe and effective but simpler therapy could be considered advantageous. 19 In our study, care was taken to recruit a representative sample of patients with pulmonary embolism. The demographic features, range of risk factors, and spectrum of disease severity at enrollment and the observed rates of recurrent and fatal venous thromboembolic events were consistent with those reported in previous investigations. Hence, our findings regarding the efficacy and safety of fondaparinux apply to a broad range of patients with hemodynamically stable pulmonary embolism and have the potential to simplify care.
Some methodologic aspects of this open-label trial require comment. The procedures used to minimize bias included strict requirements to verify the qualifying pulmonary embolism and any suspected recurrent venous thromboembolic or bleeding events, as well as randomization at a central location, nearly complete follow-up, and masked adjudication of each suspected outcome event. Success at minimizing bias due to unmasked treatment assignment is supported by our finding that the diagnostic procedures at enrollment and at the time of recurrence were similar and that the incidences of a workup for and confirmation of suspected recurrence and bleeding in the two groups were similar.
Three considerations dictated the choice of unfractionated heparin rather than a low-molecularweight heparin as the comparator drug. Unfraction-discussion ated heparin is the parenteral anticoagulant most widely used for initial therapy for pulmonary embolism, direct evidence that low-molecular-weight heparins are as effective as unfractionated heparin remains limited, and many clinicians prefer unfractionated heparin for this indication. 3 Care was taken to apply the highest treatment standards to the use of unfractionated heparin and vitamin K antagonists. Among the necessary standards were those pertaining to the starting dose and dose adjustments, the minimal duration of treatment, and the target INR to be reached before heparin or fondaparinux could be stopped. Our results indicate that these standards were achieved in almost all the patients.
The objective of the study was to determine whether fondaparinux is noninferior to unfractionated heparin in preventing a recurrence of venous thromboembolism. The predefined margin for the comparison was consistent with those used in previous trials. Whereas an upper 95 percent confidence interval of up to 3.5 percent in favor of unfractionated heparin was allowed, the upper limit of 0.5 percent found in the study firmly establishes the noninferiority of fondaparinux.
Even though patients in the fondaparinux group were not prospectively assigned to early discharge, early discharge was permitted and occurred in 14.5 percent of them, who continued to receive fondaparinux on an outpatient basis. In this subgroup of 158 patients, the rate of recurrence was low (3.2 percent), and no major bleeding occurred.
In the past, bleeding complications were classified as major or minor. Whereas the definition of major bleeding in the setting of treatment for venous thromboembolism is generally well accepted and has been shown to be reliable, 20 "minor" bleeding may range from bleeding that is clinically significant but does not quite meet the criteria for major bleeding to much less severe episodes such as gingival bleeding. To overcome this limitation, we introduced and defined a category of "clinically relevant nonmajor bleeding" to identify and assess the relevant hemorrhagic complications associated with antithrombotic therapy more accurately.
In conclusion, once-daily, unmonitored, subcutaneous administration of fondaparinux was not inferior to the use of unfractionated heparin for the initial treatment of hemodynamically stable pulmonary embolism, and rates of adverse events were similar with the two therapies. In our opinion, because of its simplicity, once-daily subcutaneous administration of fondaparinux without anticoagulation monitoring could replace intravenous administration of unfractionated heparin in most patients with this disorder.
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